Failure of seed sterilization methods and breakdown in sterile technique can result in catabolism of thymidine by microorganisms during seedling incubation in radioisotope. The effectiveness of some sterilizing agents was monitored by microbiological methods and by thin layer chromatography for the presence of thymidine degradation products. Sodium hypochlorite and ethylene oxide each sterilized pea and sunflower seeds. Sodium hypochlorite failed to sterilize onion seeds while ethylene oxide was only occasionally effective and often retarded germination. Captan, commonly used before germination to prevent fungal blight of seedlings, did not reduce the bacterial flora of onion seeds.
The conversion of radiothymidine to compounds that will not label DNA may be caused by selfradiolysis (7) and by catabolism in a variety of biological systems (2,,3,5) . Degradation, of thymidine to fi-ureidoisoibutyric acid and l3-aminoisobutyric acid in buds of Lilium longiflorum and roots of Vicia faba has been shown by Takats and Smellie (6) and these authors cite additional references to cytoplasmic labeling in plant material. Similarly, in other investigations of plant material, the purification of uridine hydrolase from Mung-Bean has been reported (1) .
Contaminating microorganisms in an environment with an abundance of thymidine may continue to convert it to thymine after incorporating only a relatively small amount in their DNA, and the need for sterile technique in DNA labeling studies in higher organisms hecomes obvious. Since experiments in which non-sterile techniques were employed have been surprisingly frequent, we have considered it worthwhile to describe the following observations on the effectiveness of cer.tain sterilizing agents. We have been interested in the maintenance of sterile conditions in long term incuhbations of seedlin.gs in nucleic acid precursors. The observations we now describe are an out-growth of these interests and are presented with the thought that they mav prove useful to other investigators.
Materials and Methods
Seeds. Onion seeds of the inbred line B2473B, Gr560LC6, Beltsville, were generously supplied by 1 Ethylene Oxide. Bard Anprolene sterilizing gas amputles (2271) and Sterilizing Canister were purchased from C. R. Bard, Incorporated. After gassing seeds in the canister for 18 hr, the canister was opened and gas allowed to diffuse into a fume hood. A minimum of 24 hr elapsed before using the seeds. During this time the seed envelopes were kept in a cabinet to allow any remaining gas to diffuse through the envelopes.
Seed Germination and Testing for Microorganisms. Seeds were handled under strict aseptic conditions during disinfection, germination, and inculbation in isotope. Glassware and accessories were sterilized by 1) gravity displacement steam sterilizer at 1210 for 30 min (15-18 pounds pressure); 2) high vacuum steam sterilizer at 1350 for 3 min (30 pounds pressure); 3) dry heat at 1600 for 1 hr. Germination was carried out in Petri dishes on wet filter papers at 250 in the dark. After germination, 1 loopful of water from each plate was strealked on each of the following media: Brain Heart Infusion Agar (Baltimore Biological Laboratories), MacConkey Agar 180
(Difco Laboratories), and Sabouraud-Dextrose Agar (Difco Laboratories). After incubation at 370 for 24 hr and then at 250 for 48 hr, if microorganisms were present, isolated colonies differing in morphology were gram-stained. Occasionally single seeds were dropped in Brain Heart Infusion Broth (Difco Laboratories) after disinfection in order to monitor that process alone.
Thin Layer Chromatography. Eastman Thin Layer Chromatogram sheets (Number 6060) with fluorescent indicator were used; usually 10 ul samples were applied. The sheets with samples and known markers (thymidine and thymine) were equilibrated in a container for 1 hr with a beaker containing the aqueous phase of ethyl acetate:formic acid:water::60:5:35. (This was prepared so the phases could settle overnight). The non-aqueous phase was then added to the container and the chromatogram developed. Spots could be identified by ultraviolet light, or when samples were labeled A B
isotopically, a strip of Kodak medical x-ray film was placed over the chromatogram which was then kept in the dark so that fluorescence induced by the tritium beta particles could blacken the film. Ordinary photographic development techniques are satisfactory.
Results and Discussion
Seed Treatment With Disinfectants: Thymidine Conversion. Peas treated with sodium hypochlorite or ethylene oxide were sterile while untreated controls were not. Sterility, or lack of it, could be demonstrated by putting dry seeds in Brain Heart Infusion Broth, by plating loops of water from germination dishes on agar, or inoculating broth, and then observing presence or absence of microorganisms. Furthermore, when a 0.5 ml aliquot of C D FIG. 1. Films of thin layer chromatographs. A) Twenty-four ethylene oxide treated peas remained from 24 to 48 hr after treatment in a germination plate. (Some peas of this lot had previously been tested for contaminating microorganisms by putting them in Brain Heart Infusion Broth; no evidence of microorganisms was found. Also, samples of water from the germination plate at 24 and 48 hr were tested in broth and found to be negative). Onehalf ml of water from this plate was added to 0.05 ml of aqueous 3H-thymidine (50 ,uc; 0.008 umole) and aliquots of the final solution were applied to chromatograph plates at hourly intervals. From left to right: 5 hr aliquot, 4 hr, 3 hr, known mixture of 3H-thymidine (thymidine solution before water was added). Note the presence of impurities in known compounds; the presence of thymine in the timed aliquots is no greater than in the original solution. B) One-half ml of water from a germination dish containing 25 ethylene oxide treated sunflower seeds was added to 0.05 ml 3H-thymidine (50 uc; 0.008 ,umole). (A few seeds of this lot had previously been tested for microorganisms in Brain Heart Infusion Broth; there was no growth). Aliquots taken at intervals were applied to chromatograph plates. 3H-thymidine solution before water was applied was the known compound. Left to right: 22 hr aliquot, 6 hr, 2 hr, 3H-thymidine. C) One-half ml of water taken frorr. dish containing 50 unsterilized onion seeds just before germination was added to -H-thymidine (0.05 ml containing 50 ,uc: 0.008 ,umole) and aliquots taken at intervals. Left to right: 22 hr, 6 hr, 2 hr, original 3H-thymidine solution. D) Loops from culture tubes of 4 gram-negative bacilli were added to 3H-thymidine solutions (0.5 ml containing 50 ,uc: 0.008 umole). Aliquots were taken at 2 hr and 22 hr. Left to right: 2 hr aliquots from each of the 4 bacilli known as 3H-thymine (fifth from left), 22 hr aliquots from thymidine inoculated with bacilli 1 and 2, original 3H-thymnidine solution (far right). PLANT PHYSIOLOGY water from a dish in which gas-treated peas remained for 24 to 48 hr after seed treatment was added to a radiothymidine solution, there was no conversion of thymidine to thymine or intermediate products ( fig 1A) .
Sunflower seeds were also sterilized by ethylene oxide and similarly an aliquot of water from the germination dish of gas-treated sunflower seed failed to convert thymidine ( fig 1B) .
When onion seeds treated with sodium hypochlorite were germinated, water from germination dishes yielded 2 gram-positive bacilli, 3 gram-negative bacilli, and 1 yeast-like organism. No attempt was made to identify these species. Only the 3 gram-negative organisms were tested for thymidine conversion. Loops from each colony were transferred to thymidine solution; all converted thymidine to thymine.
To further illustrate the capacities of this rich flora, unsterilized onion seeds were plated and, just before germination, 0.5 ml of water from the plate was added to 8H-thymidine. The beaker containing this mixture was plugged with cotton and kept in a sterile chamber; samples were taken at intervals and applied to thin layer chromatograph plates. Figure   1C indicates that conversion of thymidine to thymine was about half way at 6 hr and coimplete at 22 hr.
From onion seeds treated with Captan, 4 grampositive bacilli and 4 gram-negative bacilli were obtained. Only the 4 gram-negative organisms were tested; they converted thymidine to thymine ( fig  1D) . Still other species of microorganisms from sodium hypochlorite or Captan treated onion seeds were present on the media but their colonies were not well separated and further isolation was not attempted.
Efforts to sterilize our onion seeds with sodium hypochlorite may have failed because the sterilizing agent could not be brought in contact with the entire area of the deeply wrinkled seed coat even when Tween was added; occasionally tiny air bubbles could be seen on the seeds while in the solution when examined under a dissecting microscope. Attempts to sterilize our onion seeds with ethylene oxide were only partially successful and often retarded germination. The use of antibiotics may not always be effective in sterilization or even desirable since they may hinder seedling growth (4) .
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